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（1）2007 年 8 月在湄洲岛莲池澳沙滩底栖甲藻专题调查中，共发现 4 个目，7
个科，12 个属的 34 种底栖甲藻，其中优势种为 Prorocentrum emarginatum、
Bysmatrum sp1、Gymnodinium sp1、Peridinium quinquecorne 和 Thecadinium 









（3）室内趋光性实验研究发现，底栖甲藻 Thecadinium kofoidii 具有从沉积物深
处（>10cm）感光并趋光上行的能力，趋光上行过程中的平均移动速率为 2.12 
μm/s，0~3h、3h~6h 和 6h~9h 各个时段之间垂直移动的速率不尽相同， 大速率
达 3.94 μm/s，但甲藻在不同光强下趋光性的差异性不显著。 
















第 VI 页 
（5）模拟潮汐实验中，底栖甲藻 T. kofoidii 密度中心随着潮汐的涨落有规律
地上下波动，其垂直移动节律与潮汐节律相一致，表明潮汐对底栖甲藻的垂直移
动具有直接的影响和重要的影响。 
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ABSTRACT 
Benthic dinoflagellates are common organisms in marine sands. Although many 
species of benthic dinoflagellates have been identified as toxic or HAB species, the 
characteristics of their behavior, especially diurnal vertical migration (DVM), and the 
underlying environmental regulation mechanisms are still not clear. This reserch will 
be helpful in understanding the adaptive strategies of marine benthic dinoflagellates 
and elucidating the mechanisms for colored-sand phenomena and nearshore harmful 
algal bloom caused by benthic dinoflagellates. 
By means of quantitative cell counting and time series analysis, the vertical 
migration scope, velocity and basic patterns of marine benthic dinoflagellate in the 
sandy sediments of intertidal and subtidal zone were studied through in situ 
investigation and simulated experiments under controlled laboratory conditions to 
summarize DVM patterns of benthic dinoflagellates, construe the regulating effects of 
tide and diurnal rhythm on DVM and the possible regulating mechanisms. Major 
results achieved are as the follows: 
(1) In the in situ investigation of marine benthic dinoflagellates in Lian Chi Ao Beach, 
Meizhou Island Jul.2007, 34 species in 12 genera of marine benthic dinoflagellates 
had been identified in the sediment samples. Bysmatrum sp1, Prorocentrum 
emarginatum, Thecadinium kofoidii, Gymnodinium sp1 and harmful specie Peridinium 
quinquecorn were found dominant. Marine benthic dinoflagellates mainly distributed 
in the upper 10 cm of the sediment. The overall abundance of benthic dinoflagellates 
was relatively low (<50 cell/g dry sand) and varied remarkablly with tidal zones. The 
total abundance of benthic dinoflagelates in mid tide and low tide zones was higher 
than the high tide and subtidal zones. The abundance of benthic dinoflagellates varied 
between 3 transacts due to different physicochemical conditions. 
(2) A distinct day-night periodicity was observed in the in situ reaserch of the DVM of 
marine benthic dinoflagellates, the maximal range of which was 7 cm in the sand, and 
the maximal velosity of which was 2~3 μm/s. By analysing the potential factors, 
irradiance, tide and their rhythms were regarded as causes of DVM of marine benthic 
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migration pattern of benthic dinoflagellate is a result of the interaction between 
positive upward migration, which is driven by intrinsic phototropism of the organism, 
and negative up and down migration, which is caused by tide. 
(3) In phototaxis experiments, marine benthic dinoflagellate Thecadinium kofoidii was 
found to be able to sense irradiance and approached to it under 10cm sediments from 
the surface. Process analysis of the phototaxis found that the average velocity of 
migrating up toward the light source was 2.12 μm/s，the migration velocity during 3 
period of time (0h~3h、3h~6h and 6h~9h) was different, maximal of which was about 
3.94 μm/s. There was no significant difference of phototaxis between treatments of 
different light intensities.  
(4) Light-simulated experiments in still sea water showed that T. kofoidii initially put 
in the surface layer of the sand displayed a minor diurnal vertical migration (<0.5 cm) 
under a light-dark cycle of 24 hours. Natural light experiment had a similar result. 
Both experiemnts show remarkable diurnal rhythm.  
(5) Tide-simulated experiments confirmed the hypothesis in the in situ research that 
DVM was driven by tidal rhythm. Density distribution centre of T. kofoidii went up 
and down regularly with rising and falling of tide, which indicates the direct influence 
of tide to the DVM of marine benthic dinoflagellates. 
Key words: Benthic dinoflagellates; vertical migration; regulating mechanisms; tidal 























广布于世界各地，包括极地，部分种类兼营浮游生活[1, 2, 7]。 
由于海洋底栖甲藻大多生活在沙中，隐蔽性强，不如浮游藻类容易观察和开
展定量研究，长期以来研究不多。直到 20 世纪 70 年代，随着众多有毒种类的发
现，海洋底栖甲藻才逐渐引起人们的关注。至今已在冈比亚藻属（如
Gambierdiscus toxicus），原甲藻属（如 Prorocentrum lima），前沟藻属（如：








（Harmful Algal Bloom，HAB）研究中的一个重要领域[1]。  
有关调查报告显示，在生长高峰期（通常为春、夏两季），底栖甲藻优势种
能繁殖到很高的密度（如>2000 cell/g 干沙），以致引起海沙变色（Colored Sand）
[3, 4, 11-14]，一些兼营浮游生活的种类还会形成有毒、有害藻华，如 Prorocentrum 
lima、Amphidinium carterae 和 Peridinium quinquecorne 都发生过危害性较大的赤
潮[4, 13, 15, 16]。因为这些现象多发于低潮期，所以许多研究者推测它们的形成与潮
汐周期中底栖甲藻的垂直移动行为有密切的关系[4, 13, 16]。  
1.2 海洋底栖甲藻研究历史沿革 
海洋底栖甲藻的首例正式报告见于 1911 年。Herdman 发现英国 Erin 港














第 2 页 
沟藻属（Amphidinium）的底栖甲藻有关[17]。随后 Herdman（1911, 1914）[18, 19], 
Herdman（1921，1922，1924）[20-23]，Balech（1956）[24], Dragesco（1965）[25], Ballie
（1971）[26], Fukuyo（1981）[27], Saunders 等（1984）[28], Dodge 等（1986）[29], Larsen 
（1985,1990）[30, 31], Faust（1990-1996）[32-44], Horiguchi（1996）[45] 等人也相继
发表了底栖甲藻的调查研究报告。 













第三阶段，即毒物毒理学阶段。从 70 年代末 80 年代初期，底栖甲藻的研究
转向有毒种类的研究上。1977 年  Yasumoto 领导的小组报道了对（France 
Polynesia）的冈比亚（Gambier）群岛发生地鱼毒时间的调查结果，发现该鱼毒
来源于一种当地的海洋底栖甲藻 Gambiendiscus toxicus [47]。之后几年中，先后在
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类组成和时空分布的研究外[3, 11]，仅见林永水等人对 Coolia monotis 的新纪录报
告和钟思胜等人对大亚湾五角多甲藻赤潮发生的环境因素分析报道[15]，以及国内




































图 1-1 浮游动物数量密度分布中心 a. 浮游动物总数量; b.中华哲水蚤; c. 精致
真刺水蚤; d.小拟哲水蚤; e.中华假磷虾和太平洋磷虾; f. 长尾住囊虫; — 春
季; … 秋季. 引自王克等（2001）[74]  
Fig.1-1 Density distribution center of zooplankton in East China Sea. A. Total 
number of zooplankton; b. Calanus sinicus; c. Euchaeta concinna; d. Paracalanus 
parvus; e. Pseudenphausia sinica and Euphausia pacifica; f. Oikopleura 
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